Introduction {#S0001}
============

Hepatoma is one of the most common malignant tumors in the world, with high morbidity and mortality.[@CIT0001] However, hepatocellular carcinoma (HCC) is the most common pathological type of primary hepatoma, and about 80% of hepatoma patients are HCC.[@CIT0002] At present, liver transplantation and surgical resection are still the main methods for the treatment of HCC. However, since there are no obvious symptoms in the early stage of HCC, when patients show symptoms and go to the hospital, they are often in the late stage, and many of them even lose the chance of surgery.[@CIT0003],[@CIT0004] Therefore, it is of great clinical significance for HCC patients to elaborate on the biological mechanism of HCC pathogenesis and find new therapeutic targets.

MicroRNA (miRNA), as an endogenous non-coding single-stranded RNA, usually regulates the expression of target genes by combining with the 3ʹ-untranslated region (3ʹ UTR end) of the target genes, which plays a very important role in the occurrence and development of tumors.[@CIT0005] In recent years, with the development of bioinformatics, the role of miRNA in HCC has been paid more and more attention. miR-26a-5p is one of the most popular miRNA in recent years. miRNA has low expression in various tumors such as colorectal cancer and prostate cancer, and it is believed that miRNA may play a tumor-suppressor gene role.[@CIT0006] It has been reported[@CIT0007] that miR-26a-5p can inhibit the proliferation, invasion and metastasis of papilloma thyroid cells by inhibiting Wnt5a. In addition, some studies[@CIT0008] have found that miR-26a-5p can promote the development of bladder cancer by targeting PTEN. However, the role of miR-26a-5p in HCC and its related mechanisms have not been explored yet. We found that miR-26a-5p and high mobility group protein A2 (HMGA2) have targeted relationship through our detection of dual-luciferase report, and HMGA2 is a protein known to promote cancer cell proliferation and metastasis in a variety of tumors, including liver cancer,[@CIT0009] For example, some studies have found that it can promote gastric cancer cell metastasis and epithelial--mesenchymal transition.[@CIT0010] Moreover, HMGA protein, as a structural factor required for chromosome structure, plays a very important part in the occurrence and development of tumors.[@CIT0011]

In order to further explore the proliferation, apoptosis and its mechanism of miR-26a-5p on hepatocellular carcinoma cells, we have carried out the following research in order to provide new molecular targets and more sufficient theoretical basis for HCC treatment.

Materials and Methods {#S0002}
=====================

Clinical Data {#S0002-S2001}
-------------

Seventy-six patients with liver cancer who underwent hepatic carcinectomy in our hospital from July 2013 to July 2016 were selected as a research group, including 45 male and 31 female patients. They were (56.81±3.44) years old on average. Seventy-six cases of hepatocellular carcinoma tissue and 76 cases of paracancerous tissue were obtained during the operation with the consent of the patients. Inclusion criteria: patients with liver cancer confirmed by pathological diagnosis and those with estimated survival greater than 3 months were included in the research group. Exclusion criteria were as follows: patients with other malignant tumors; patients who received any treatment before the experiment; patients with infection, blood or immune system disorders. All patients and their families agreed to participate in the experiment and signed an informed consent. This experiment was approved by the hospital ethics committee.

Experimental Materials {#S0002-S2002}
----------------------

Human hepatocellular carcinoma cell lines HepG2, SMMC-7721, MHCC-97H, Huh-7 and human normal hepatocyte line HL-7702 were all purchased from Shanghai Institute of Cell Biology, and fetal bovine serum (FBS) and PBS were all purchased from Gibco Company, USA (10437028, 10010010,049). Trypsin, RIPA, BCA protein kits were all purchased from Thermo Scientific Company (A40007, 89901, 23229). Dual-luciferase report gene detection kit was from Solarbio Company, Beijing, China, D0010; Trizol reagent was from Applied Invitrogen, USA; qPCR kit and minScript reverse transcription kit were from TaKaRa company, Dalian, China; Annexin V-FITC/PI apoptosis kit was from Jiangsu kaiji Biology Co., Ltd. HMGA2, Bax, Bcl-2 and β-actin primary antibody and goat anti-rabbit secondary antibody were all purchased from Shanghai Unionville Company.

Rt-PCR Detection of miR-26a-5p and HMGA2 Expression {#S0002-S2003}
---------------------------------------------------

The expression levels of miR-26a-5p and HMGA2 in HepG2, SMMC-7721, MHCC-97H, Huh-7, and human normal hepatocyte line HL-7702 were detected. First, the cell line was prepared into cell suspension. Then, TRIzol reagent was added to extract the total RNA. The purity and concentration of the extracted total RNA were tested with an ultraviolet spectrophotometer. SYBR-Green Realtime PCR Master mix was used to reversely transcribe the total RNA with miR-26a-5p and HMGA2. The operation steps were strictly in accordance with the manufacturers' kit. Then, PCR amplification experiment was carried out. PCR reaction system was as follows: cDNA 1 μL, upstream and downstream primers 0.4 μL, 2×SYBRr-Green Realtime PCR Master mix 10 μL, Passive Reference Dye (50×) 0.4 μL, ddH2O added to 20 μL. The PCR reaction conditions of miR-26a-5p were as follows: Pre-denaturation at 94°C for 45 s, denaturation at 94°C for 10 s, annealing at 60°C for 30 s, with a total of 40 cycles; the experiment was carried out three times, using U6 as an internal reference. HMGA2 reaction conditions were as follows: Denaturation at 94°C for 10 s, annealing at 60°C for 30 s, with a total of 40 cycles; the experiment was carried out three times, using β-actin as internal reference. miR-26a-5p upstream sequence was as follows: 5ʹ-ATGGTTCGTGGGTTCAAGTAATCGATGGC-'3; downstream sequence was as follows: 5ʹ-GCAGGGTCCGAGTATTCG-'3; U6 upstream sequence was as follows: 5ʹ-CTCGCTTCGGCACA-'3, downstream sequence 5ʹ-AACCTTCACGAATTCGT-'3; HMGA2 was as follows: upstream sequence: 5ʹ-AAAGCAGAAAGCCACGAAA-3ʹ, downstream sequence: 5ʹ-TTCCTCCGAGAGCTTCTT-3ʹ; β-actin, upstream sequence: 5ʹ-GATCATTGCTCCTCCTGAGC-3ʹ, downstream sequence: 5ʹ-ACTCCTGCTTGCTGATCCAC-3ʹ.

Transfection of Cell Line {#S0002-S2004}
-------------------------

By detecting the expression levels of miR-26a-5p and HMGA2 in cell lines, it was found that the expression of miR-26a-5p in HepG2 and SMMC-7721 cell lines was lower than that in cell lines of the other two groups. Therefore, these two cell lines were selected for transfection and subsequent experiments. miR-26a-5p mimetic, miRNA mimetic negative control (miR-NC), small interfering RNA (siRNA) (si-HMGA2) of HMGA2 and its negative control (si-NC) were produced by GenePharma (Shanghai, China). Cell transfection was carried out according to the manufacturers' protocol using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

MTT Measurement {#S0002-S2005}
---------------

MTT measurement (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was used to evaluate cell viability. HepG2 and SMMC-7721 cells transfected with miRNA mimetic or siRNA only or co-transfected with miRNA mimetic and HMGA2 plasmid were inoculated into 96-well plates at a density of 3×103 cells per well, and 20μL of MTT (0.5mg/mL) solution was added to each well when incubated at 37°C for 24 h, 48 h and 72 h, and incubation was continued at 37°C for 3 h. Subsequently, 250uL of dimethyl sulfoxide was added to each well, and finally, absorbance at 490 nm was measured by ELISA (Molecular Devices, LLC, Sunnyvale, CA, USA).

Measurement of Cell Invasion {#S0002-S2006}
----------------------------

First, Matrigel matrix glue (BD Biosciences, San Jose, CA, USA) was diluted at a ratio of 1:8 and then coated with the upper chamber surface of the bottom membrane of the Transwell chamber (8μm pore size; BD Biosciences, San Jose, CA, USA). The upper chamber surface of the bottom membrane was placed at 37°C for 30 min to polymerize Matrigel into gel, and the bottom membrane was hydrated before use. The transfected cells were starved for 24 h, then the cells were resuspended with DMEM culture solution without FBS and the cell density was adjusted to 3×104 cells/mL. The cells were then inoculated in the upper chamber of Transwell of the 24-well plate, about 200 µL of cell suspension was added to each chamber, 600 μL of DMEM culture solution containing 10%FBS was added to the lower chamber of the 24-well plate, and then cultured in an incubator at 37°C for 48 h. After the culture was completed, the supernatant was removed with cotton swabs, and then the removed chambers were washed with PBS. Cells in the lower chamber were fixed with 95% ethanol solution for 15 min. After taking out, they were washed again with PBS, and then stained with 0.5% crystal violet. After staining, the migration number of cells in 6 random wells was calculated randomly with a microscope, and the average value was calculated. The experiment was repeated 3 times.

Apoptosis Detection {#S0002-S2007}
-------------------

Annexin V-FITC/PI double staining combined with flow cytometry was used to detect apoptosis. Transfected cells were inoculated at a density of 3×105 cells/well in a 6-well plate, digested with 0.25% trypsin, washed twice with PBS after digestion, added with 100μL of binding buffer, prepared into 1x106 cells/mL suspension, sequentially added with AnnexinV-FITC and PI, incubated in dark at room temperature for 5 min, and detected with FC500MCL flow cytometer system. The experiment was repeated for 3 times and averaged.

Gene Measurement of Dual Luciferase Report {#S0002-S2008}
------------------------------------------

It was performed to determine whether HMGA2 was a direct target gene of miR-26a-5p. HMGA2 3ʹUTR dual-luciferase report plasmids (WT and MUT) were constructed by RiboBio. They were co-transfected into HepG2 or SMMC-7721 cells with miR-26a-5p mimetic or mimetic control by Lipofectamine 3000 (Invitrogen, Thermo Fisher Scientific, Inc., USA). Forty-eight hours after incubation, luciferase activity was detected by a dual-luciferase determination system (Promega Corp, Madison, WI, USA).

Western Blot Detection {#S0002-S2009}
----------------------

After collecting cells, the RIPA lysis method was used to extract total protein, and BCA method was used to detect the protein concentration; the protein concentration was adjusted to 4μg/μL, and 12% SDS-PAGE electrophoresis separation was carried out. After ionization, the membrane was transferred to the PVDF membrane, stained with Lichun red working solution, soaked in PBST for 5 min, washed and sealed with 5% defatted milk powder for 2 h. And after membrane transfer, a monoclonal antibody against HMGA2 (1:500), Bax (1:500), Bcl-2 (1:500) and β-actin (1:1000) was added to seal overnight at 4°C. The membrane was washed to remove the primary antibody, and horseradish peroxidase-labeled goat anti-rabbit secondary antibody (1: 5000) was added, incubated at 37°C for 1 h and rinsed with PBS for 3 times; the excess liquid was absorbed after rinsing, and then ECL emitted light and developed.

Statistical Methods {#S0002-S2010}
-------------------

In this study, SPSS 19.0 software was used to analyze the data, GraphPad Prism 6 software was used to draw relevant pictures, the measurement data were expressed by mean±standard deviation (SD±meas), *t*-test was used, independent sample *t*-test was used for inter-group comparison that was expressed by t, one-way analysis of variance was used for multi-group comparison, LSD-*t*-test was used for post-event two-two comparison, and Pearson was used for correlation analysis. A p value lower than 0.05 was considered to be statistically different.

Results {#S0003}
=======

Expression Levels of miR-26a-5p and HMGA2 in HCC and Clinical Significance {#S0003-S2001}
--------------------------------------------------------------------------

QRT-PCR was used to detect the expression levels of miR-26a-5p and HMGA2 in HCC tissue, four HCC cell lines and one human normal hepatocyte line HL-7702. The results showed that the expression of miR-26a-5p in HCC was significantly lower than that in paracancerous tissue (P \< 0.05), and the expression of HMGA2 mRNA was significantly higher than that in paracancerous tissue (P \< 0.05); the expression of miR-26a-5p in HCC cell line was lower than HL-7702 (P \< 0.05), and the expression of HMGA2 in HCC cell line was higher than HL-7702 (P \< 0.05). Through correlation analysis found that the expression of miR-26a-5p and HMGA2 was negatively correlated (P \< 0.05) in HCC tissue. According to the expression of miR-26a-5p on average, the patients were divided into high and low expression groups. Further analysis of the relationship between miR-26a-5p and pathological data showed that miR-26a-5p was closely related to tumor diameter, differentiation degree, TNM staging and lymph node metastasis (P \< 0.05). ([Figure 1](#F0001){ref-type="fig"}, [Table 1](#T0001){ref-type="table"}).Table 1Relationship Between miR-26a-5p and Pathological Data of Patients with Liver CancerFactormiR-26a-5pχ^2^ valueP valueLow Expression (n=37)High Expression (n=39)Age0.0420.836≥56 years (n=42)20 (54.05)22 (54.41)\<56 years (n=34)17 (45.95)17 (43.59)Gender0.0020.966Male (n=45)22 (59.46)23 (58.97)Female (n=31)15 (40.54)16 (41.03)Tumor size17.03\<0.001≥3cm (n=37)27 (72.97)10 (25.64)\<3cm (n=39)10 (27.03)29 (74.36)TNM staging19.46\<0.001Stage I--II (n=46)13 (35.14)33 (84.62)Stage III (n=30)24 (64.86)6 (15.38)Differentiation16.86\<0.001Poorly differentiated (n=48)32 (86.49)16 (41.03)Moderately and highly differentiated (n=28)5 (13.51)23 (58.97)Lymphatic metastasis10.810.001Metastasis (n=27)20 (54.05)7 (17.95)No metastasis (n=49)17 (49.95)32 (82.05) Figure 1Expression levels of miR-26a-5p and HMGA2 in HCC. (**A**) The expression of miR-26a-5p in HCC tissue was downregulated; (**B**) The expression of HMGA2 in HCC tissue increased; (**C**) The expression of miR-26a-5p was downregulated in HCC cells; (**D**) The expression of HMGA2 in HCC cells increased; (**E**) The expression of miR-26a-5p was negatively correlated with HMGA2. \*Indicates P \<0.05.

Effects of miR-26a-5p Overexpression on Proliferation, Invasion and Apoptosis of HCC Cells {#S0003-S2002}
------------------------------------------------------------------------------------------

In order to study the effects of miR-26a-5p overexpression on the proliferation, invasion and apoptosis of HCC cells, HepG2 and SMMC-7721 cells were transfected with miR-26a-5p mimetic or miR-NC. Forty-eight hours after transfection, compared with miR-NC, miR-26a-5p in HepG2 and SMMC-7721 cells transfected with miR-26a-5p mimetic increased significantly ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}, P \< 0.05). The results showed that miR-26a-5p mimetics were effective as endogenous miR-26a-5p in vitro. In addition, MTT measurement, cell invasion and flow apoptosis measurement were performed after transfection. As shown in [Figure 2C](#F0002){ref-type="fig"}--[H](#F0002){ref-type="fig"}, the overexpression of miR-26a-5p inhibited proliferation (P \< 0.05) and invasion (P \< 0.05) of HepG2 and SMMC-7721 cells significantly, and so was their apoptosis. What's more, WB experiments showed that the expression of pro-apoptotic protein bax increased and that of anti-apoptotic protein Bcl-2 decreased in cells overexpressed by miR-26a-5p, as shown in [Figure 2G](#F0002){ref-type="fig"}--[H](#F0002){ref-type="fig"}.Figure 2Overexpression of miR-26a-5p inhibited proliferation and invasion of HCC cells in vitro and promoted their apoptosis. (**A, B**) HepG2 and SMMC-7721 cells were transfected with miR-26a-5p mimetic or miR-NC, and miR-26a-5p expression was increased in HepG2 and SMMC-7721 cells by qRT-PCR. (**C, D)** Overexpression of miR-26a-5p inhibited cell proliferation of HepG2 and SMMC-7721 cells. (**E**) Overexpression of miR-26a-5p inhibited cell invasion of HepG2 and SMMC-7721 cells. (**F**) Overexpression of miR-26a-5p promoted apoptosis of HepG2 and SMMC-7721 cells. (**G, H**) Overexpression of miR-26a-5p promoted the expression of pro-apoptotic protein Bax and inhibited the expression of anti-apoptotic protein Bcl-2 in HepG2 and SMMC-7721 cells. \*Indicates P \< 0.05.

HMGA2 Is the Direct Target Gene of miR-26a-5p {#S0003-S2003}
---------------------------------------------

In order to explore the potential mechanism of miR-26a-5p in HCC, bioinformatics analysis was conducted to predict the target gene of miR-26a-5p. HMGA2 was identified as a target gene for miR-26a-5p ([Figure 3A](#F0003){ref-type="fig"}). In order to check whether the 3ʹ UTR of HMGA2 can be directly targeted by miR-26a-5p, luciferase report gene measurement was carried out. The results showed that ([Figure 3B](#F0003){ref-type="fig"} and [c](#F0003){ref-type="fig"}) the overexpression of miR-26a-5p decreased luciferase activity of position 1867--1873 of HMGA2 3ʹ UTR Mut (P \< 0.05), but had no effect on position 1867--1873 of HMGA2 3ʹ UTR Mut; Western blot showed that the expression of HMGA2 protein in miR-26a-5p simulated transfected HepG2 and SMMC-7721 cells was downregulated ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}, P \<0.05).Figure 3HMGA2 is a direct target gene of miR-26a-5p in HCC. (**A**) Sequence alignment between miR-26a-5p and the putative binding site in the HMGA2 wild-type region. (**B, C**) Dual-luciferase report gene measurement showed that miR-26a-5p mimetic reduced the fluorescence intensity of HepG2 and SMMC-7721 cells transfected with HMGA2-Wt, but had no effect on HMGA2-mut vector. (**D, E**) Expression of HMGA2 protein in HepG2 and SMMC-7721 cells transfected by miR-26a-5p was downregulated. \*Indicates P \<0.05.

Effects of Downregulation of HMGA2 Expression on Proliferation, Invasion and Apoptosis of HCC Cells {#S0003-S2004}
---------------------------------------------------------------------------------------------------

In order to confirm whether the tumor inhibitory effect of miR-26a-5p in HCC was mediated by HMGA2, we knocked down the expression of HMGA2 in HepG2 and SMMC-7721 cells. Western blot analysis showed that after transfection with si-HMGA2, HMGA2 was downregulated in HepG2 and SMMC-7721 cells ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}, P \< 0.05). After transfection, MTT measurement and cell invasion measurement si-HMGA2 inhibited the proliferation and invasion of HepG2 and SMMC-7721 cells and promoted their apoptosis ([Figure 4C](#F0004){ref-type="fig"}--[F](#F0004){ref-type="fig"}, P \< 0.05) significantly. Besides, WB experiment showed that the expression of pro-apoptotic protein bax increased and the expression of anti-apoptotic protein Bcl-2 decreased in cells knocked down HMGA2 expression ([Figure 4G](#F0004){ref-type="fig"}--[H](#F0004){ref-type="fig"}). These results further indicated that HMGA2 was the direct functional target of miR-26a-5p in HCC.Figure 4HMGA2 downregulation inhibited proliferation and invasion of HCC cells in vitro and promoted their apoptosis. (**A, B**) HepG2 and SMMC-7721 cells were transfected with si-HMGA2 mimetic or si-NC, and HMGA2 expression was downregulated in HepG2 and SMMC-7721 cells by qRT-PCR. (**C, D**) Downregulation of HMGA2 inhibited cell proliferation of HepG2 and SMMC-7721 cells. (**E**) Downregulation of HMGA2 inhibited cell invasion of HepG2 and SMMC-7721 cells. (**F**) Downregulation of HMGA2 promoted apoptosis of HepG2 and SMMC-7721 cells. (**G, H**) Downregulation of HMGA2 promoted the expression of pro-apoptotic protein Bax and inhibited the expression of anti-apoptotic protein Bcl-2 in HepG2 and SMMC-7721 cells. \*Indicates P \<0.05.

Discussion {#S0004}
==========

In recent years, the mechanism of miRNA in cancer has gradually become a hot topic of research, and targeted therapy is also a popular treatment method that arises at the historic moment.[@CIT0012] In addition, a large number of studies[@CIT0013],[@CIT0014] have shown that miRNA is closely related to the occurrence and development of HCC, and believed that the imbalance of various miRNA and genes is one of its main causes.

In this study, we found that the expression of miR-26a-5p was downregulated both in HCC tissue and cell line. Previous studies[@CIT0015] have also reported that miR-26a-5p, as a tumor suppressor, can block the cycle of prostate cancer and apoptosis by regulating its target; other studies[@CIT0016] have pointed out that miR-26a-5p can promote the metastasis of human lung cancer cells by activating JAK2/STAT3 axis, which may play a role of oncogene in lung cancer. HCC is the most common malignant tumor with high mortality[@CIT0017] currently, and our discovery provides important evidence for discovering potential therapeutic targets of HCC cells. Previous reports on miR-26a-5p have indicated that miR-26a-5p mainly plays the role of tumor-suppressor gene.[@CIT0018] However, we also observed the effect of miR-26a-5p on HCC cells by regulating its overexpression. The results showed that when we upregulated the expression of miR-26a-5p, the proliferation and invasion ability of HCC cells were obviously inhibited, and the apoptosis rate also increased obviously, which indicated that miR-26a-5p might also play a role of tumor-suppressor gene in HCC. A previous study[@CIT0019] upregulated miR-26a expression in a hepatoma mouse model by adenovirus and found that the proliferation of HCC cells was inhibited. There was also research[@CIT0020] indicated that, when exploring the action mechanism of miR-26a-5p in lung adenocarcinoma, miR-26a-5p could inhibit the occurrence of tumors in vivo by regulating the expression level of E2F7. The above researches can confirm our conclusion.

The above results show the effect of miR-26a-5p on HCC cells, but the specific mechanism of action has not been discussed in detail yet. Through bioinformatics prediction, we found that HMGA2 was the direct target of miR-26a-5p, and the expression of HMGA2 protein in HCC cells transfected by miR-26a-5p simulation had been downregulated. HMGA2 is a kind of transcription factor, belonging to the family of high mobility genes. It is a protein known to promote the proliferation and metastasis of cancer cells in various tumors including hepatoma.[@CIT0021] Our results showed that HMGA2 was highly expressed in HCC tissues and cells, and the expression levels of HMGA2 and miR-26a-5p were negatively correlated in HCC tissues, which also provided important evidence for the correlation between them. Subsequently, in order to further confirm that the role of miR-26a-5p in hepatoma was mediated by HMGA2, we knocked down the expression of HMGA2 in HCC cells, and then observed the biological function of them; the results showed that when the expression of HMGA2 was knocked down, the proliferation and invasion ability of HCC cells were significantly inhibited, and the apoptosis rate was increased significantly. The above conclusions can fully prove that HMGA2 is an important target of miR-26a-5p in HCC cells. Regarding the mechanism of action of HMGA2, previous studies[@CIT0022] have shown that HMGA2 is an important target for chromosomal abnormalities. One of its mechanisms for promoting tumor progression is that the expression of HMGA2 after chromosome truncation has deleted the carboxyl terminal of the 3ʹ non-coding region, which leads to the fusion of HMGA2 with some tumor-suppressor genes and loss of tumor-suppressor functions of these tumor-suppressor genes, thus promoting the development of tumors. Another study[@CIT0009] has indicated that HMGA2 may promote tumor invasion and metastasis through epithelial--mesenchymal transition. For example, previous studies[@CIT0023] have found that HMGA2 can induce epithelial--mesenchymal transition in pancreatic cancer by conditioning the Ras pathway. In addition, it has been clearly pointed out in another study[@CIT0024] that silencing HMGA2 expression may affect the progression of colorectal cancer by inducing apoptosis and cell cycle arrest of cells, which also proves that HMGA2 has a certain role in apoptosis of cancer cells, which can confirm our conclusion.

To sum up, miR-26a-5p inhibits the proliferation and invasion of HCC cells and promotes their apoptosis by directly targeting HMGA2. Abnormal decrease of miR-26a-5p and increase of its target HMGA2 are important factors that may participate in the occurrence and development of HCC. This novel miR-26a-5p/HMGA2 axis provides an in-depth understanding of the pathogenesis of HCC and may be a new potential target for its therapy. However, there are still some deficiencies in this study. For example, on the one hand, the specific mechanism of action of miR-26a-5p in HCC is simply described by quoting relevant documents, and no detailed experimental investigation has been carried out; on the other hand, whether the role of miR-26a-5p in HCC regulates other genes besides HMGA2 remains to be further tested.
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